When we are inside buildings, it is impossible to avoid coming into contact with the dust that accumulates there. Dust is made up of many di erent types of materials, including soil, tiny pieces of skin, and fibers from furniture and clothing. Within the dust, there are living communities of microbes called the microbiome, which are made up MICROBE A general term used to describe organisms that are very small, like bacteria, fungi, and viruses.
MICROBIOME
A community of many di erent types of microbes living together.
of organisms so small that you can only see them with a microscope. These dust communities can be made of hundreds of di erent species of microbes, including bacteria, fungi, and viruses.
Dust and the microbes that live in dust are all around us. Most of these microbial roommates have no e ect on us. However, some are helpful, for example those that help us digest our food, while some can be harmful, like the bacteria that make us sick. Knowing more about these dust-living microbes is important to help us understand how our bodies react to our indoor lifestyles. This knowledge could also teach us how to design and use buildings in ways that will help regulate the types of microbes that live there.
WHAT TYPES OF BACTERIA SURVIVE IN DAYLIGHT?
One thing that might a ect indoor microbes is exposure to light. Light can cause chemical reactions within microbes that harm their DNA or the proteins they need to survive and function. A research team at the Biology and the Built Environment Center wanted to perform an experiment to discover how bacteria living in dust would be a ected when they were exposed to light [ ]. Which types of bacteria would live and which types would die? Understanding how di erent kinds of microbes are a ected in di erent environments can help us to create buildings that help people stay healthy, or at least do not make us sick as often.
From what was already known about the way light a ects bacteria, we came up with a hypothesis before starting our experiments. We hypothesized that: ( ) light would kill some of the bacteria living in dust; ( ) di erent types of light would a ect bacterial species di erently; and ( ) bacterial species that are related would be a ected by light in similar ways.
BUILDING SMALL MODEL ROOMS TO TEST A HYPOTHESIS
To test the e ects of light on the bacteria living in dust, we first had to obtain some dust! We collected dust from many di erent buildings and homes and mixed it all together. Mixing the dust together created one big microbial community. We then put small amounts of this mixed dust into light-proof boxes that represented a model for rooms in a building. These boxes each had a window on one side (Figure ) . The windows on each box were made of di erent types of glass, which kids.frontiersin.org January | Volume | Article | Rosenberg et al.
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Figure
We created model "o ces" for our "dust bunny employees." The window of each box was made from a di erent material that would let in di erent types of light. The window in the box on the left only let in ultraviolet (UV) light, the window in the middle box let in no light, and the window in the right box let in visible light that comes from daylight. The bottom graphs show the relative amounts of living bacteria that were present in the dust samples after exposure to light. You can see that there were more bacteria in the box with no light. The graphs also show the relative numbers of bacteria that were similar to the species found outdoors or on humans. These data showed that fewer bacteria survive in light, and the ones that do survive tend to come from the great outdoors.
would each let di erent types of light pass into the boxes (Figure ) . One only let in visible light (the light our eyes can see), like the glass in a regular window in a building. One window let in only ultraviolet light, which is roughly the opposite of a regular window, because it blocked visible light from coming into the box. One window was metal, which did not allow any light to come into the box at all, like a dark room.
To measure the amount of light inside and around these model rooms, automatic sensors were placed inside each box. We also placed a sensor outside of the boxes to measure the sunlight. To keep the boxes in conditions similar to those found inside a real o ce or classroom, the boxes were placed inside larger, wooden boxes, in which we could control the temperature, the humidity, and the amount of light. This allowed us to keep the conditions the same in all boxes, so the only thing that varied was the amount of light the dust was exposed to. We also had multiple identical samples (called replicates) for each type of light treatment, to make sure the e ects we saw were not random. The model rooms were left in this larger box on the roof of a building for days. That is approximately the average amount of time dust spends floating around your home before it is cleaned up. On the roof, the boxes experienced day and night, just like rooms would in a real building.
MEASURING BACTERIA AFTER THE EXPERIMENT
After the samples spent days on the roof, they were collected and prepared for testing. Each dust sample was split in half: one half was kept as it was, and the other half was treated with a chemical called propidium monoazide (PMA). PMA binds to DNA that has spilled out of
PROPIDIUM MONOAZIDE (PMA)
A chemical dye that sticks to DNA and prevents it from being seen by DNA sequencing machines. dead cells that have broken open. We did this to get the DNA from dead cells "out of the way," so we could make sure we were looking at only kids.frontiersin.org January | Volume | Article | Rosenberg et al.
Dust Microbes in Daylight
Figure
After days in the model "o ces," our "dust bunny employees" looked di erent from each other. Fewer bacteria were alive in the dust that was exposed to either type of light, compared with the dust samples in the dark boxes. The bacterial species that were still alive in the dust that was exposed to light were similar to the bacteria that are typically found in outdoor environments.
the DNA from living cells in that sample. By comparing the dust sample treated with PMA to the untreated sample, we could compare the DNA that we found in the dust and figure out which types of bacteria died when exposed to light.
We removed the DNA from the bacteria in the regular and PMA-treated dust by breaking open the bacterial cells and washing away anything that was not DNA. Then we used a laboratory technology called DNA sequencing to read the DNA. We compared the bacterial DNA sequences from our dust samples to a database of known bacteria, in order to figure out which types of bacteria were present in the dust. This is kind of like searching for your favorite song on the internet using only some of the lyrics. We compared the types of bacteria in the dust in each of our light treatments to see which types survived the di erent types of lighting.
LIGHT EXPOSURE CHANGES BACTERIAL COMMUNITIES IN DUST
We found that light did a ect the types of bacteria present in the boxes! The sample that spent days in a dark box contained more di erent types of bacteria than either box that allowed light to enter through a window (Figure ) . This means that the darkness allowed more diverse species of bacteria to survive, and we think this is because the light-sensitive species were not killed by the light. The bacteria that survived in the dark boxes tended to be similar to those species kids.frontiersin.org January | Volume | Article | we can find living on human skin, which might not be able to tolerate much sunlight.
The dust from the boxes with windows that let in either visible light or UV light had fewer living bacteria, because not all bacteria like to live in the light (Figure ) . The bacteria that survived the light treatments were similar to the types we can find floating around in the air outdoors, in places where microbes have to deal with light every day. However, there were some di erences between the specific types of bacteria found in dust from the boxes that allowed UV light to enter and those that allowed visible light to enter. This suggests that UV light may kill some bacteria that visible light does not kill, and vice versa (Figure ) .
WHAT COULD BE RESPONSIBLE FOR THESE CHANGES?
We do not think that the large number of bacteria found in the dark boxes was because bacteria reproduced in the dark, since there was not enough water in the environment of the boxes to allow the bacteria to divide. We found that the most prevalent type of bacteria in the dark box sample was from a group called Saccharopolyspora, which is generally found in soil and rural buildings that have a lot of contact with natural environments. Saccharopolyspora may contribute to respiratory diseases that humans get from being indoors and coming into contact with this bacterium, but research is still needed to understand when and why this happens.
Since Saccharopolyspora and other bacteria were missing or found in much lower numbers in the boxes that were exposed to either type of light, this raises the interesting possibility that light may be able to limit or change the growth of di erent bacteria in buildings where we really care about the presence of bacteria, like in hospitals. Maybe we could design buildings to let in more natural daylight, including both visible and UV light, to keep indoor bacteria at lower levels. However, this study did not test whether any of the bacteria that were sensitive to light were harmful to humans, so we cannot draw conclusions about whether letting in more light would actually benefit human health. The ability of a microbe to survive indoors is complicated and a ected by many conditions, including the availability of moisture and how often humans are adding more microbes to the indoor environment. More experimentation is needed to determine the microbe-killing properties of light under wider conditions, such as higher levels of humidity, changes in temperature, changes in the location of the sun, and more.
Other experiments need to address the way light-sensitive bacteria might interact with other organisms found indoors, such as viruses, fungi, and protozoans.
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HOW CAN WE APPLY THIS KNOWLEDGE TO BENEFIT HUMANS?
The results of our experiments suggest that light influences which bacteria can live inside our buildings. This means that architects and lighting professionals who design buildings and determine how much light, and what kinds of light, a room receives might be able to help control which microbial communities we share our homes, o ces, and classrooms with. In the future, factors, such as humidity, building location, amount of shade, the number of people in a building, and ventilation, to name a few, must be studied at the same time, to determine the true impact of daylight on microbial communities within the built environment. . doi: . /frym. .
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